Analytical formula under the ideal condition. Proof of Theorem 1. Based on 2 → 1 QRAC, let the set of states be {ρ 00 , ρ 01 , ρ 10 , ρ 11 }. An arbitrary mixed state can be described as a convex combinations of the pure states. And W = ∑ x,y (−1) xy P (0|x, y) is the linear expression of probabilities. To explore the maximal value of W, we can only consider the pure states in the numerical calculation. As well, Masanes [1] has proven that the POVM can be depicted as a convex combinations of projective measurements in the case of two-measurement outcomes. So, we only consider the projective measurements {M 
where − → r x , − → a y represent the Bloch vectors of the pure states ρ x and the projective measurement operators M 0 y , respectively.
Suppose that θ, γ 1 are the angles between − → a 0 and − → a 1 , − → r 01 and − → r 10 , respectively. By using the parallelogram rule of addition of vectors, we get
where 
In general, let the angle between ρ 00 and a 0 be the minimum, which indicates that the guessing probability p(0|00, 0) is the maximum of the set of P (b|x, y). We obtain α ∈ [0,
. Fixing the angles of α, θ and applying the equation (4), then we get the maximal value of W expression
where p = 1+cos α 2 is the maximal guessing probability and the first equality holds because of setting
Furthermore, in order to obtain the maximal value of W expression only about the maximal guessing probability p (i.e., the angle of α), we use the method of the extreme-value problem of function and let x = cos θ 2 . Applying equation (5), we get
where r is one of the real roots of 4x
Proof of Theorem 2. Based on 3 → 1 QRAC, let the set of states be {ρ 000 , ρ 001 , ..., ρ 110 , ρ 111 }. An arbitrary mixed state can be described as a convex combinations of the pure states. And Masanes [1] has proven that the POVM can be depicted as a convex combination of projective measurements in the case of two-measurement outcomes, we only consider projective measurements {M
is the linear expression of the probabilities, we can only consider the pure states in the numerical calculation.
Let γ 1 , γ 2 , γ 3 be the angle between − − → r 001 and − − → r 110 , − − → r 010 and − − → r 101 , − − → r 011 and − − → r 100 , respectively. We get Further, by applying equations (9)-(15), equation (7) can be described as
Without loss of generality, suppose that the angle between − − → r 000 and − → a 0 is the minimum, which satisfy that the guessing probability p(0|000, 0) is the maximum. We obtain that α 1 ∈ [0,
. Fixing the angles of α 1 , β 1 , θ and applying equation (17), we get the maximal value of W expression
where the first equality holds because of choosing
). In order to obtain the maximal value of W expression only about the maximal guessing probability p = 
where (r, s, v, m) is one of the real roots of equation set with variables (x, y, z, u) in the following.
ABCD + 2uxy
where
According to
It is known that G = G 1 ∩ G 2 ∩ G 3 , and we get
